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- polymerizab-e acrylate group and the acrylamide monomer containing the
dioxolane unit also were copolymerfzed with styrene and divinyl benzene
to give crosslinked polymer beads, ~50js in diameter. Racemic and chiral
a-methylene--'-methyl-i-butyrolactone were homopolymerized by radical,
anionic, and group transfer methods. Chiral lactone gave isotactic
polymer, regardless of the method of polymerization.

The styrene-bead copolymers were packed in HPLC columns, but none
were especiall, effective in separating enantiomers in a racemic mixture.
The chiral butyrolactone polymer was coated on silica, but this material
did not effect resolution of racemic mixtures in an HPLC column.
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INTRODUCTION

The current trend in synthetic' and analytical chemistry toward solid-phase

separation and/or syntheses has added new methodology to modern chemical

research. Increased efficiency in separations and synthesis are the most

important aspects of solid-phase methodology 2 The purpose of this research was

to prepare chiral polymers by the homo- and copolymerization of chiral monomers.

These chiral materials were to be utilized as supports for liquid chromato-

graphic columns in an effort to separate various racemic mixtures, particularly

enantiomeric phosphines and other related chiral molecules such as phosphinates.

RESULTS AND DISCUSSION

MONOMER SYNTHESIS

Chiral-2-Vinyl Oxazolines.

The successful asymmetric synthesis that had been effected utilizing chiral

oxazolines3 prompted the initial efforts to synthesize various chiral 2-vinyl-

oxazoline monomers for incorporation into copolymers. The synthesis of a series

of 2-alkenyl oxazolines had been worked out, 4 and this synthetic procedure was

improved and scaled up, such that fifty gram batches of 2-vinyloxazoline could

be prepared. Conversion of 2-methyloxazoline (1) to the phosphonate (2)

on a large scale was accomplished in high yield, and 2-vinyloxazoline was

obtained through reaction of the phosphonate with formaldehyde.

Ph 0 Ph 0 Ph

LDA 11- (CH2 n ,,K ii
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In an effort to obtain a chiral oxazoline-containing monomer that had

functionality capable of hydrogen bonding, the vinyloxazoline containing the

primary alcohol function (5) was synthesized, by the same procedure,

starting with the 4-hydroxymethyl analog (4).

Ph 1) LDA Ph

[EtOLPOCI
H3 2) ButO0

OH 3) H+ OH

4 5

Monomers Containing Chiral Oxazoline or 1,3-Dioxane Groups.

Two other chiral monomers containing polymerizable methacrylate functions

were synthesized. The 2-methyl-5-phenyl-4-hydroxymethyl-oxazoline starting

material (4) was converted to the methacrylate derivative (6) by

reaction with methacryloylchloride. Starting with the commercially available

aminodiol (7, used in preparation of oxazolines) the chiral 1,3-dioxane

monomer (8) bearing a methacrylamide function was synthesized. Because this

monomer could be easily hydrolyzed to 1,3-diol 9, the incorporation of

monomer 8 into a copolymer would provide a chiral polymer containing the

diol unit via a similar hydrolysis.

CHI Ph H H
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H

(2) Ph H OH



a-Methylene--v-methyl- -butyrolactone

The synthesis of both racemic and chiral a-methylene-y-methyl-y-butyrolac-

tone (11) was carried out by a known procedure 5 starting with either racemic

or (R)-propylene oxide (10)6. The key step in this synthesis is the

palladium catalyzed carbonylation of 4-bromopent-4-en-2-ol. Thus, either

racemic or chiral monomer could be obtained pure and in high yield by this

procedure.

i 1lir 2 ,CH2 CI 2 ,-78*C

Cu. 2INeOMe, MoON, OC
SSrMg SiM 3  T 0 3  MOH,H2

10 "E OH

CO, IPh3 PI4 Pd

CH 3CN, K2C3.,70C 
0

POLYMER SUPPORTS

Poly-2-Vinyloxazolines.

Crosslinked random terpolymer beads (12) containing chiral vinyloxa-

zoline 3, styrene and divinylbenzene were prepared by free radical

suspension techniques. The size of the beads containing 20 mole percent divinyl

benzene could be controlled so that relatively uniform spheres of 20 up to 50 A

in diameter could be obtained. In samples of these support materials, the

incorporation of the vinyloxazoline at 20, 40, and 60 mole percent levels was

achieved. Both the elemental analysis and a quantitative determination by 1 3 C

nmr, agreed reasonably well for the oxazoline incorporation. Generally the mole

ratios of monomers charged were those incorporated into the polymer. Thus, the

reactivity ratios of styrene and 2-vinyloxazoline appear to be similar.

4

(3)
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Copolymerization of Monomers Containing Chiral Oxazoline or 1,3-Dioxane

* Units.

The copolymerization of 6 with 1,4-butanedimethacrylate (cross-linking

monomer) in a suspension system followed by size fractionation gave uniform

be ads of polymer 13, 55 x in diameter. The hydrolyzed monomer (9)

containing two alcohol functions could not be polymerized in a suspension system

due to its water solubility. The suspension polymerization of the 1,3-dioxane-

bearing acrylamide monomer (8), however, with 1, 2-ethanedimethacryl ate gave

beads of polymer 14, 50-70 A in diameter. Polymer 14 could be

Scompletely hydrolyzed under mild conditions to polymer 15 containing the

* 1,3-diol functionality.

(h14

IC 

Ph 
IC2,

Ph 0
* 13
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Po ly(a-methylene-7-methyl --i-butyro 1 actone).

The polymerization of both racemic and (R)-a-methylene-y-methyl-Y-butyro-

lactone (11) was carried out by radical initiation (benzoyl peroxide) in

benzene, by an anionic catalyst (butyllithium) in tetrahydrofuran, or toluene

and by group transfer 7 [1-methoxy-l-trimethylsiloxy-2-methyl-l-propene

initiator, tris(dimethylamino)sulfonium biflouride catalyst in tetrahydrofuron

(Table 1)]. Polymerization in bulk with a benzoyl peroxide initiator or by uv

irradiation gave a clear hard glass which contained -20% of unreacted monomer.

Higher conversions in bulk generally could not be achieved. The radical and

anionic polymerizations in solution proceeded as expected, with no ring opening

occurring in the anionic polymerization. Group transfer polymerization of both

racemic and optically active monomers took place readily at -78 °C when

bifluoride was used as the catalyst, but the tetrabutylammonium flouride

catalyst did not provide good conversion at this temperature.

TABLE 1
PROPERTIES OF POLYMER 16

POLYMERIZATION
METHOD OF CONDITIONS

MONOMER POLYMERIZATION INITIATOR TEMPERATURE/TIME(h) CONVERSION(%)

Racemic 1 radical a 8POa 65/2 47 0.49(acetone)

0.84(oMo)

anionicb BuLi -78/2 86 O.26(acetone)

T -78/24 70 O.22(acetone)

Se 3

bifluoride

R-1 radicala BPOa 65/2 51 1.06(DIO)

anionicb BuLl -78/2 92 O.58(DMSO)

BuLi d -78/44 as O. 75 (ONSO)
C

GTPc  
-78/24 78 Insol.

" 1)sme 3
bi fluoride

aRadical polymerizations were carried out in benzene with benzoylperoxide as the initiator-
11) : IPO] - 300.

bAnionic polymerizations were carried out in THF; [1: [BuLl] - 65.

cGroup transfer polymerizations were carried out with 1 mole % of bifluoride [trls(di-

methylamino)sulfonium bifluoride] to initiator [-methoxy-l-trlmethylslloxy-2-methyl-2-
propenel.

dCarried out in toluene.

(5)



The racemic poly( a -methylene- -- methyl-v-butyrolactones) obtained under

different reaction conditions had nearly identical solubility properties,

dissolving in such solvents as acetone, acetonitrile, chloroform, dimethylsul-

foxide, dimethyl formamide, and propylene carbonate at ambient temperature.

Chiral lactone polymerized under radical conditions also was soluble in most of

these solvents, with the exception of acetonitrile and chloroform. Polymers

obtained from chiral lactone under anionic or GTP showed poor solubility in

common organic solvents. The polymers obtained by anionic methods were soluble

in dimethyl sulfoxide, dimethyl formamide and propylene carbonate, though only

at elevated temperatures. The chiral polymer prepared by group transfer poly-

merization was the least soluble and would dissolve completely only in hot (230

°C) propylene carbonate. None of these polymers showed any crystallinity by

x-ray. Regardless of the method of polymerization and the stereoregularity, the

glass transition temperatures of these polymers were all approximately the same,

"-215 °C, which was about 20 *C higher than amorphous poly (a-methy lene-,Y-methyl -y-butyrolactone). Annealing these polymers above the glass transition

temperature failed to develop any crystallinity.

Some information concerning the stereoregularity of these polymers was

obtained through the NMR spectra. The most striking feature of both the 1H and

13C spectra was that the polymer obtained from racemic monomer gave nearly

identical spectra, regardless of the method of polymerization. Furthermore, the

spectra of the polymers obtained from chiral monomer were nearly identical,

regardless of the method of polymerization, but were different from the spectra

of the polymers obtained from racemic monomer.

Polymer obtained from racemic monomer showed a poorly resolved overlapping

region at 62.11 with a detectable upfield shoulder in the 100 MHz 1 H NMR

(6)



spectrum at 160 °C in DMSO. Polymer obtained from chiral monomer showed a well

resolved doublet at 61.87 and 62.09 with downfield and upfield shoulders at

62.24 and 1.70, respectively. This is in contrast to the 1 H NMR spectra

reported for poly(a-methylene-v-butyrolactone) 8 in which no resolution was

achieved (overlap at 62) for the backbone and ring methylene, both of which are

adjacent to the quaternary carbon. This lack of resolution in poly-

c-methylene-y-butyrolactone) was attributed in part to coupling from the

methylene (-CH 20-) adjacent to the ring methylene. In the polymers obtained

from chiral monomer, some resolution apparently results from the stereoregular

environment and coupling of the ring methylene only to a methine proton.

The proton decoupled 1 3 C spectra of these polymers (50.0288 MHz, 100 'C,

DMSO) showed resolved peaks both in the carbonyl region 6178 and in the

quaternary carbon region, 645-47. As in the case of poly( a-methylene- -butyro-

lactone), the methylene region was poorly resolved, and was overlapped by DMSO.

Unlike poly(a-methylene--butyrolactone), the carbonyl region showed resolved

carbonyl at 6178.74 and 178.67 for polymer prepared from racemic monomer, and

178.67 and 178.87 for polymer obtained from chiral monomer.

Polymers obtained from racemic monomer showed three peaks at 645.98, 46.32

and 46.64 for the quaternary carbon (Figure 1). In the spectrum of poly

(a-methylene-Y-butyrolactone), peaks at 645.15, 45.3 and 45.58 were assigned

tentatively to triad sequences, mm, mr and rr, respectively. 8 This assignment

was based on the fact that poly( a-methylene---butyrolactone) obtained by

anionic polymerization with phenylmagnesium bromide, which is known to yield

highly isotactic poly(methyl methacrylate) 9 showed a spectrum rich in the

4 upfield peak at 645.15, which was assigned to the mm triad. This assignment,

rr, mr, mm, in order of increasing field strength, is the opposite of that for

4
(7)
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FIGURE 1

C SPECTRA, QUATERNARY CARBON, OF POLYMER FROM

RACEMIC (TOP) AND CHIRAL (BOTTOM) MONOMERS

the quaternary carbon of poly(methyl methacrylate). 10

If this peak assignment for the triads in poly( a-methylene-y-

1 butyrolactone) is correct, then the same assignment could be expected for poly-

(a-methylene-y-methyl-Y-butyrolactone). Samples obtained from chiral monomer,

having a single peak at 645.95 in the 1 3 C spectrum suggested that an isotactic

polymer (mm triads) was obtained. Polymer from racemic monomer showed a predom-

inance of mr and rr triads at 646.30 and 46.58, respectively, with the peak at

545.95 nearly absent. In polymer obtained from racemic monomer, the intensity

of these two peaks ( 546.30 and 46.58) was nearly equal, with that for the mr

triad (646.30) being slightly more intense.

The generation of isotactic polymer from chiral lactone, even in radical

propagation, indicates that monomer placement is dictated by the chirality of

the monomer. When models are examined (Figure 2) the preference for an

(8)



isotactic polymer from chiral monomer becomes apparent. Approach of monomer to

the growing end of the chain containing either of two conformations for the

penultimate unit with respect to the end unit, is shown. In both cases, the

least steric approach is that which generates the mm triad. In the case of the

polymerization of racemic monomer, addition of monomer of the same chirality as

the polymer end generates the m dyad, while addition of monomer of the opposite

chirality generates an r dyad, apparently with nearly equal facility from the

racemic monomer pool.

FIGURE 2

APPROACH OF CHIRAL MONOMER TO CHAIN END

HPLC STUDIES

Certain of the polymer beads prepared by suspension polymerization were

packed into analytical HPLC columns. Copolymer 12 of poor uniformity

(60-120 A) was packed in a radial compression column, and several racemic

alcohols (2-butanol, 2-octanol) were examined with regard to enantiomeric

separation. The chiral recognition of the oxazoline was poor, but did show some

peak separation.

Analytical columns packed with beads prepred from polymers 13-15 did

not separate racemic samples of a-phenylethylamine, a-phenylethanol, a-phenyl-

propanal and a-benzylpropanal.

(9)



Silica gel (Perisorb A, 30- 4 0) was coated 0.2 . thick with chiral poly-

(a-methylene---methyl--v-butyrolactone), using a t echnique similar to that

described 11 . The material was dry-packed in a 300mm HPLC tube. This polymeric

material was considered ideal, since it was not soluble in the common organic

solvents used for HPLC resolution, but was soluble only in hot DMSO and hot

propylene carbonate.

The resolution of five different racemic compounds with different solvent

systems was not achieved.

F.!

I?

(10)



LIST OF PUBLICATIONS

J. Suenaga, D.M. Sutherlin and J.K. Stille, Macromolecules, in press.

"Polymerization of Racemic and (R)- -Methylene- -Methyl- - Butyrolactone.

I

LIST OF SCIENTIFIC PERSONNEL

Co-Principal Investigators: Dr. J. K. Stille
Dr. A. I. Meyers

Post-Doctoral Research Associates: Dr. Reinhard Hanreich
Dr. Wolfgang Wehnert
Dr. Sheila Woodgate

Graduate Students: Dr. Mike Reuman (PhD, CSU, 1984)
Mr. Dirk Sutherlin
Mr. Manon Talukder
Dr. Steven White (PhD, CSU, 1983,
Mr. Eugene Zimmerman (MS, CSU, 1984)

6

0 (ii)

- - -" - - I



REFERENCES

la. R. B. Merrifield, J. Am. Chem. Soc., 85, 2149 (1963).

b. J. Rivier, et al, J. Med. Chem., 16, 545 (1973).

c. G. Barany and R. B. Merrifield, Peptides, Vol. 2, Academic Press, N.Y.,
pp 31-32, 214,215, (1980).

d. C. B. Reese, Tetrahedron, -34, 3143 (1978).

e. G. Manecke and W. Storck, Angew. Chem. Int. Ed., Engl., 17, 657 (1978).

f. M. D. Matteucci and M. H. Caruthers, Tetrahedron Letters, 21, 719 (1980).

g. G. Manecke and P. Renter, J. Polymer Sci., Polymer Symposia, 62, 227 (1978).

h. P. Hodge, Chem. In Britain, 14, 237 (1978).

i. M. A. Kraus and A. Patchornik, Macromol. Reviews, 15, 55 (1980).

j. C. U. Pittman, Ch. 5 "Catalysis by Polymer Supported Transition Metal
Complexes," P. Hodge and D. C. Sherrington, Eds., John Wiley and Sons,
p 249 (1980).

2a. W. H. Pirkle and D. W. House, J. Org. Chem., 44, 1957 (1979) and references

cited therein.

b. G. Helmchen, G. Nill, D. Flockerzi, W. Schjhle and M. S. K. Youssef, Angew.
Chem. Int. Ed., 18, 62 (1979). M. G. Helmchen and G. Nill, ibid, 65.

c. G. Blaschke, Angew. Chem. Int. Ed., 19, 13 (1980).

3. A summary of this effort has been detailed; A. I. Meyers, Accounts Chem. Res.,
11, 375 (1978).

4. A. I. Meyers, R. K. Smith and C. E. Whitten, J. Org. Chem., 44, 2250 (1979).

5. L. D. Martin and J. K. Stille, J. Org. Chem., 47, 3630 (1982).

6. P. A. Levene and A. Walti, "Organic Syntheses," Collect. Vol. 2; Wiley:
New York, p 545 (1943). J. Biol. Chem., 68, 415 (1926).

7. 0. W. Webster, W. R. Hertler, D. Y. Sogah, W. B. Farnham and T. V. RanjanBabu,
J. Am. Chem. Soc., 105, 5706 (1983).

8. M. K. Akkapeddi, Macromolecules, 12, 546 (1979).

9. W. E. Goode, F. H. Owens, R. P. Fellman, W. H. Snyder and J. E. Moore,
J. Polym. Sci., 46, 317 (1960).

(12)



10a. L. F. Johnson, F. Heatley and F. A. Bovey, Macromolecules, 3, 175 (1970).

b. Y. Inoue, A. Nishioka and R. Chujo, Polym J., 24, 13 (1971).

c. I. R. Peat and W. F. Reynolds, Tetrahedron Lett., 14, 1359 (1972).

11. Y. Okamoto, I. Okomoto and H. Yuki, Chem. Letters, 835 (1981).



-6

FILMED

* 3-85

*DTIC
.0'-"


